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RANDOM AND TARGETED PROMOTER 
INTEGRATION FOR GENE ANALYSIS 

This appUcation daims the benefit of the foUowing copending provisional 
appUcations: SerialNo. 6(V026.888. filed September 23. 1996. Serial No. 60/026.756. filed 
September 25, 1996, and Serial No. 60/033,793, filed December 30, 1996, each of which 
is incorporated by reference herdn. 

TECHNICAl A1tF.A OF TH E INVENTION 

Theinventionrelatestotheareaofe«ikaiyoticgenefijnction. More particularly, the 

invention relates to methods of analyzing and modulating the fimction of eukaryotic genes 

by genetic manipulation. 


itA fTfOWf>TTND OF TWIT. INVENTION 

Analysis of eukaryotic gene fimction is typically accomplished by examining the 
biological eflEectsofdefined mutations in known genes. Such mutations can be identified 
by phenotypic sdecdon of mutant organisms or can be created by site-directed mutagenesis 
15 orhomdogousrecombinatiantargetingmutalionstoapaiticulargeneofm^ Formost 
mammalian genes, the rarity of targeted recombinants and phenotypicaUy evident mutants 
Bmitstheutilityoftheseapproaches. Hms, there is a need in the art fijr methods which can 
be used to observe eukaryotic, particulariy mammalian, gene fimction. 
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SUMMARY p y THE INVENTION 

It is an object of the invention to provide a eukaryotic cell for observing ahered 

expression of a gene. 

It is another object of the invention to provide a method of altering the expression 

of a gene in a mkaryotic cdl. 

It is yet another bbject of tlw inventbn to provide a transgenic eukaryotic organism. 

It is an object of the invention to provide an insect cell for observing (tinunished 
e>q[vession of a target gene. 

It is anotha object of the invoition to provide a method of diimnishing the 
expression of a target ^le in an insect cell. 

It is yet another object of the invortion to provide a transgenic insect. 

These and other objects of the invention are provided by one or more of the 

embodunents described bdow. 

One embodiment of the invention provides a eukaryotic cell for observing altered 
expresaonofagene. The ccU comprises a first and a second DNA construct. The first 
DNA constnict conq)rises an ectopic promoter. The ectopic promoter controls transcription 
of a gene in tiie eukaryotic cell. Hie second DNA construct comprises a regulatablc 
promoter and a coding sequence for a foreign transcriptional transactivator. The r^^ilatable 
piXHnoter controls the expresaon of tiie transcriptional transactivator. The transaiptional 
transactivator activates tiie ectopic promoter to ato expression of the gene. 

Anotiierend)odiment of tfie invention provides a metfiod of altering tiie expression 
ofagsneinaeukaiyoticoeU. A first and a second DNA construct are imroduced into tiie 
eukaryotic cell. Hie first DNA construct comprises an ectopic promoter. The ectopic 
promoteroontiolstianscriptionofageneintiieeuk«yoticcelL The second DNA construct 
comprises a regulatable promoter and a coding sequence far a foreign transcriptional 
transactivator. The r^ulatable promoter controls the expression of the transcriptional 
transactivator. The transcriptional tiMsactivator activates tiie ectopic promoter to alter 
expresaon of the gene. 
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Stili another embodiment of the invention provides a transgmc eukaryotic organism. 
Cells of the transgenic eukaryotic organism comprise a first and a second DNA construct. 
The first DNA construct comprises an ectopic promoter. The ectopic promoter controls 
transcription of a gene in the cells of the organism. The second DNA construct comprises 
5 a regulatable promoter and a coding sequence for a fordgn transcriptional transactivator. 
The regulatable promoter controb the expression of the transcriptional tran^ The 
transcriptional transacdvator activates the ectopic promoter to alter expression of the gene. 

One embodimoit of the invention provides an insect cell for obs^ving diminished 
expression ofa target gene. The insect cell comprises a first and a second DNA construct. 
10 The first DNA construct comprises a first promoter. The first promoter controls reverse 
orientation transoiption of the target gene in the insect cell. The second expression 
construct comprises a second promoter and a coding sequmce for a transcriptional 
transactivator. The second promoter controls the expresaon of the transcriptional 
transactivator. The transcriptional transactivator activates the first promoter whereby 
15 expression of the target gene is duninished. 

Another embodiment of the invention provides a method of diminishing the 
expression of a targrt gene in an insect cdL A first and a second DNA construct are 
introduced into the insect cell The first DNA construct comprises a first promoter. The 
first promoter ccHitrols reverse orientation transcription of the target gene in the insect cell 
20 The second DNA construct comprises a second promoter and a coding sequence for a 
transcrq)tional transacdvator. The second promoter controls the expression of the 
tnmscriptionai transactivator. The tnmscrqrtional transactivator activates the first promoter^ 
whmby eiqpresnon of the target gene is dhxunished. 

StiU another €ni)odimentofthe invention provides a transgenic iiisect Cellsofthe 
25 transgenic insect conqmse a first and a second DNA construct The first DNA construct 
comprises a first pr(»no(ar. The first promoter controls reverse orientation transoiption of 
a target gene in the insect cdl. The second DNA construct comprises a second promoter 
and a coding sequence for a transoiptional transactivator. The second promoter controls 
the expression of the transoiptional transactivator. The transcriptional transactivator 
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activates the first promoter, whereby expression of the target gene is diminished. 

Another embodiment of the invention provides an insect ccU for observing 
diminished expression of a target gene. The insect ceU comprises a DNA construct 
comprising a promoter. The promoter controls reverse orientation transcription of the 

5 target gene in the insect ceQ. 

Yet anotiwr embodiment of the invention provides a method of diminishing the 
expression of a target gene in an insect ceU. A DNA construct comprising a promoter is 
introduced into the insect ceU. Hie promoter controls reverse orientation transcription 
of the target gene in the insect cdL, whereby expression of tfie target gene is diminished. 

10 Even another embodiment of the invention provides a transgenic insect. CeUs of 

the transgenic insect comprise a DNA construct. Tlie DNA construct comprises a 
promoter. promoter controls reverse orientation transcription of a target gene. 

The present invention thus provides the art with a novel metiiod of ahering 
expression of a gene in a eukaryotic cell. The metiiod can be used, in/er alia, to observe 

15 tiie efifects of altered and ectopic gene expression during development. 

^CTAHTn ptiscMprinN of the pot .ferrep embodiments 

n» inventors have discovered a method of selectively altering the expression of a 
gene in a eukaryotic celL TWs metiiod is particulariy useful for observing tiie effijct of 
20 altering the expression of an unknown gene or a gene whose function is unknown. The 
method can also be used for screening test compounds for the ability to alter gene 
expression in eukaryotes. for example, for agricultural purposes. The mediod can be used 
in eukaryotic ceHs in vitro or in vivo, for example by constructing transgenic eukaryotic 
organisms. 

25 The method can be used to aher the expression of any gene in a eukaryotic cell, 

including tiie oeDs of protozoa, algae and otiier plants, fimgi, sponges, codenterates, worms, 
oephalopods, starfish, gastropods, artiuopods, inchiding insects, spiders, ami crustaceans, 
and chordates, including vertebrates, especially amphiTnans, reptiles, birds, awl mammals. 
Genes invoked in development, such as homeotic genes, are particutariy suited for 
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use with the present method. Other eukaiyotic genes, such as those whidi control 
apoptosis, signal transduction, enzymatic function, oncogenesis and m^astasis, hormone 
function and regulation, motility, rq>roduction, and neuronal devdopmCTt and fonction, can 
also be observed effectively using the invention. 

According to the medxxi of the invoition, expresaon of the gene can be manipulated 
at various points in development or in particular tissues. Alterations in gene expres^on 
induced by the method can be, for example, decreased or increased transcription, or 
temporal or spatial (tissue- or cdl-spedfic) changes in transcription. 

In order to alter expression of a gene, an ectopic promoter is integrated randomly 
into Ae genome of a eukaryotic cdl. l!ie ectopic promoter is a promoter which is adjacent 
to a gene ^ch it does not normally regulate in the eukaiyotic cell. The exogenous 
promoter is prefiarably a strong, regulatable promoter wMch can be controlled by a fordgn 
tians-acdng transcr^rtional transactivator, ^ch is also introduced into the eukaryotic cell. 
The foreign transcriptional transactivator is one vAadti is not normally present in the cdl. 
Transcription oftfie transcriptional transacth^r is also preferably rcguUtabl^ Thus, when 
the transCTiptional transactivator is not transcribed, the ectopic promoter is sUent. In the 
presence of the transoiptional transactivator, however, the ectopic promoter is activated. 
Aheniativ^, the ectopic prornoter is regulated by its tissue or devdop Thus, 
tiie promoter mt^ be sdectivety activated or repressed in certain tissues or at cer^ 

of development. 

If the ectopic promoter is integrated witiun the coding sequence of a gene, 
transcription of that gene can be disrupted and the phenotypic effects of that disruption 
observed Aheraativ^,ifthe ectopic promoter is integrated near a gene (dtherS* to an 
irdtiation codon or 3 ' to a tenninaticm oodon) such that its presence does not interrupt the 
coding sequence of the gene, expression of the gene can be altered by controlling the 
eiq)ression of the transcriptional transactivator vAkh regulates the ectopic promoter. 
Similariy, if tiie ectoinc prcxnoter is tissue or devdopmentalty r^gul^^ 
only under appropriate conditions in the qiproiniate tissue or devdopmental stage. 

Accmliiig to (»e mrthod, two DNA constructs are introduced into the eukaryotic 
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cdl The fin* DNA constmct comprises an ectopic promoter. The ectopic promoter is a 
strong, regulatable promoter which can be controUed by a foreign trans-acting 
transcriptional activator. The ectopic promoter can integrate randomly into a codmg 
sequence of a gene and interrupt its transcription, as discussed above. Alternatively, the 
5 ectopic promoter is spatially or tcmporaUy regulated, as discussed above. 

If integrated into tiie ceU's DNA (witfun or 3' to the coding sequence) so tiiat the 
orientation of the ectopic promoter is opposite to tf»e orientation oftiie gene sequence and 
hs native promoter, activation of tiie ectopic promoter can result in diminished egression 
oftiiegene. Diminished otpressionoftfte affected gene can be achieved by ri^^ 
10 of two mechanisms. First, because transcription firom tiie regulated promoter proceeds 
from the 3" end of the coding sequence, and transcription of tiic affected gene from its 
MtivepromoterpiDceedsftomti^eS'cod. conaintat transcription from the two promoters 
re^inphysicaldisrupfionoftranscriptionCcolMon). WhUe not wishing to be bound by 
atqr particular ti«>ry. we believe tittt both pMcal collision of tiie transcription macWneries 
15 and otiier mechanisms, such as tiie generation of positive superiicUcal tension by tiie RNA 
polymerase which initiates at tfie promoters, contribute to effect diminished expression of 
tiie affected gene. 

Second, to tiie extent that reverse orientation transcription of tiie gene proceeds 
^ut disruption, an antisense transcript is produced. This antisense transcript can bind 
20 to ti« coding sequence and prevent transcription of tiie gene. The antisense transcript can 
also bind to a pie-inRNA or mature niRNA tnmscript of tiie gene and prevent its 
transbtioa 

The fortign tnmscriptional transactivator can be any protein which U not normaUy 
present in tiweukaryoticceU and which is capable ofbindii«ti« ectopic promoterand 
25 activatingtnmscriptionofagenewhichhasrandomlycomeundertiiereguUto^ 

tiatpromoter. Avaridy(rftrans«ptionaltnmsactivatorsareknowntotiioseofs^ 
art Preft^Wy.tiietiwiscriptionaltrBnsactivatorisl^GaM^ 
transcriptional activator8Uchasti«Tet^~ "gene switch" (CLOKIECH). 

The seoondDNA constmct coraprisesaregulataWe promoter and a coding sequence 
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for the foreign transcriptional transactivator. The regulatable promoter can be a naturally 
occurring promoter or can be genetically engineered. The regulatable promoter can be a 
constitutivdy active promoter or can be a tissue-specific promoter, such as a promoter 
fimctional only in eye. muscle, heart, biain, hing, thymus, colon, stomach, liver, lymph node. 
5 blood, bladder, or ovary tissue. A ceU type-spedfic promoter, for example, a promoter 
fonctional only in glia, neurons. T^xUs. B-cells, or epithelial cetts. can also be used to 
controlthetranscriptionofthetranscriptionaltransactivator. Alternatively. the regutataWe 
promoter can be a conditionally regulatable promoter, such as a temperature sensitive 
promoter or a promoter wHch U sensitive to a chemical inducer. 
10 The DNA constructs can be fiibricated as is known in the art, using standard 

recombinant DNA techniques. The DNA constructs can be flanked at each end by 
nucleotide sequences complementary to sequences in a ceU's genomic DNA to fiiciUute 
integration of the expression constracts into the genome by homologous recombination. 
Preferably, at least the first DNA construct U integrated into the genome. 
15 The DNA constructs can be nrtroduoed into a eukaryotic cdl in vitro by any 

metiiods available in the art inchiding, but not Bmitcd to. transferrin-polycation-mediated 
DNA transfer, transfisction with naked or encapsulated nucleic adds, liposome-mediated 
ceUular fusion, intracdlular transportation of DNA^»ated latex beads, protoplast fiision, 
viral infection, dectroporation, and caldum phosphate-mediated transfection. 
20 In one embodiment of the invention the DNA constructs are introduced mto cdls 

of a eukaryotic organism to create a transgenic organism. Tedmiques for constructing 

transgenic animals or (dants are wdl known in the art 

In another eo*odinwitofthcim«ition, the mdhod is used to inacti^ 
thecxpressionofatargetgaiebacdl,particularlyanin8ectcdl. The insect can be any 
25 member of the dasslnsecta in wWdifiirtherin&nnationiegaidingexp^ 
gene is desired, induding caterpilhm. water nymphs and larvae, aphid4i^ 
insects, earwigs and sih«fish, dh««beetles and water bugs, hopp^ 
toad bugs, and codroadjes. weevils, beeties, gnushoppers, cddcets. a^ 
and waffldngstidcs, ants and tennites, lacewings, dragonflies and damsdflies. flies, bees. 
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^ps «a hornets, moths, butterflies, ticks, mites, and scorpions. Preferably the insect is 

a fly, more preferably a DrosopMla melanogqsler. 

The target gene can be any eukaryotic gene whose coding sequence is knovm and 

aboutwhosecxprcssionmoreinformationisdesired. Genes involved in insect development. 
8uchashomeoticgenes.polycombgioupgenes. trithorax group genes, and genes involved 
inmetamorphosis. arc partioilarly suited for use with the present method. Other eukaryotic 
genes, such as those which control apoptosis. signal transduction, enzymatic fimction, 
oncogenesis and metastasis, hormone fimction and regulation, motility, reproduction, and 
neuronal development and fimction. can also be observed eCfectively using tiie imrention. 
The medKMi is especianyuse&lfi>r observing tiie effects of altered expression of embryonic 

lethal goies in insects, sudi as Av. 

In order to control expression of tiic target gene, an endogenous or exogenous copy 
oftiietargetgenecodingsequencecanbeplacedmidertiiecontroloftwopromot One 

promoter is preferably ti« native promoter fi)r tiie target gene and controls its transcription 
intiienormalS'toydirectioa The oflier promoter is a regulatable promoter which controls 
^^orientation transcription ofa gene (r.e.. transcription fix,m tiie 3' end of tiie gene). 
The regulatable promoter is regulated by a transcriptional transactivator. Preferably the 
tnmscriptionaltnmsactivatorisoncwhichbnotnormaUypresentintiie^^ Transcription 
of tiie transcriptional transactivator is also preferably regulatable. mis. when the 
transcriptional transactivator is not transcribed, tiie regutotable promoter is sUent and 
expression oftfietargetedgeneproceedsnormally. In tiie presence of tiie transcriptional 
transactivator. however, tiie regulated promoter is activated and. because of hs reverse 
orientationwltiirespecttoti«tar8eted8ene.inhiatesti«^ 

tiw 3' end of tiie gene. The target gene witii upstream and downstream promoters can be 
irtioduoedasasingtecassette. Preferably one promoter is weaker and one is stronger. By 
regulating transcription from tiie stronger promoter, gene expression can be turned on or 
ofitdependtagoawhdtefti-strongerpromoterisyory. Regulation ofti« promoter can 
be by eitiier endogenous tissuc^spedfic or stage-specific cues, or by introduced foreign 
transacdvators. 
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Acconiing to one method, one or two DNA constnicts can be introduced into the 
eukaryoticcen. The first DNA constiuct comprises a first promoter. The first promoter 
is a strong, legulatable promoter which can be controUed by a trans-acting transcriptional 
activator, or a tissue- or stage-spedfic cue. The DNA constiuct can be flanked at each end 

5 by nucleotide sequences complementaiy to sequences of the target gene or its flanking 
sequences, to integrate the first DNA construct at a desired site at, near, or in the target 
gene, as described betow. If the orientation of tiie first promoter is opposite to the 
orientation of the target gene sequence and its normal orientation promoter, activation of 
tiie firet promoter can result in diminished expression of the gene, as described above. The 

10 fiistDNAconstiuct may also comprise the target gene coding sequence and a promoter 5' 

to it. The 5' promoter may be constitutive or r^jilataWe. 

The transcriptional transactivator can be ai^ protdn which is not normally present 
in tiie eukaryotic cell and which is capable of binding tiie first promoter and activating 
reverse orientation transcription of tiie target gene under ti» regulatory control of tiie first 
15 promoter, a variety oftranscriptionaltransactivators are known to tiiose of skill in tiie art. 
Preferably, tfie transcriptional transactivator is LocA, Gal4, or a Tet-repressor-derived 
transcriptional activator such as tiie Tet-On™ "gene switch" (CLONTECH). 

The second DNA construct conqnises a second promoter and a coding sequence 
for tiie transcriptional transactivator. Preferably, tiie second promoter is regulatable so tiiat 
20 activation of tins first promoter by tiie transcriptional transactivator can be controlled as 
desired. Theseoond promoter can be a naturally occurring promoter or can be genetically 
engineered, ibe second promoter can be a constilutively active promoter or can be a tissue- 
spedfic promoter, audi as a promoter fimctional onty in tyc, muscle, heart, town, hmg, 
tiiymus, coten, stomach, fiver, lymph node, blood, bladder, or ovary tissue. A cell type- 
25 8pecificpromoter,fi)rexamp!«^apromoterfimctionalonlying|ia, neurons, T-oeUs,B<eM 
or epidieliai cells, can also be used to control tiie transcription of tiie transcriptional 
tnuisactivator. In one «i4>o<aneot, tiie second promoter is an insect developmental stoge- 
8pecificpromoter,suchasai9mplH,laivalinstar-ornioh-8pecific promoter. Ahemativdy, 
tiie second promoter can be a conditionally regulatable promoter, such as a temperature 
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sensitive promoter or a promoter which is sensitive to a chemical inducer. 

Hie firet DNA constiua can fimhcr comprise a coding sequence for the target gene 
and a third promoter. Preferably, the third promoter is the native promoter for the target 
gene in situ. The third promoter may also be regulatable. as discussed for the first 
promoter. The third promoter is located 5' to the coding sequence of the target gene and 
controls transcription of the target gene from 5' to 3'. The distance between the first and 
third promoters in the firetDNAconstnict can be, for example, 10, 25, 40, 50, 75, 85, 100, 
125, 150, 200, 250, 300, 500, 750, 1000, 1500. or 2000 nucleotides. By using 
ocHribinations of stronger and weaker promoters as first and tfiird prmoters, tiie gene can be 
selectively activated or rqjressed according to a desired cue. 

According to anotiier medwd, a DNA construct comprising a promoter is introduced 
into the oeU such that the promoter integrates in or near a target gene in reverse orientation 
to the orientation of tiie target gene and its native promoter. The promoter can be a 
naturally occurringpromoterorcanbegeneticallyengineered. It can be a constitutively 
active promoter or can be regulatable, for example, a tissue-specific, ceU type-specific 
promoter, or a developmental stage-specific promoter. A conditionaUy regulatable 
promoter, such as a temperature senshhre promoter or a promoter which is sensitive to a 
chemical inducer, can also be used to initiate reverse orientation transcription of the target 
gene. 

The DNA constructs can be fiibricated as is known in tiie art, using standard 
recombinant DNA techniques. The DNA consttucts can be flanked at each end by 
nucleotide sequences complementary to sequences m a ti»e titfget gene, to fiwahtate 
integration of tiie expression constructs mto tiie target gene by homologous recombhiatioa 
The iengtii of tiie flanking sequences can vary, for example, fitim 6, 8, 10, 15, 25, or 50 
ludeotides. Umgffsequencesmay also beused,Forint«?gration into msectceODN 
DNAconstiuct can be flanked by P elements, as is known in tiie art (see, for example, U.S. 
Patent 4,670,388, mcorporated herein by reference). Preferably, at least tfie firat DNA 
construct is integrated into tiie genome. Ahematively. tiie DNA constructs can remam 
qnsomal or on a minichromosome. 
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Transgenic insects can also be constnicted according to the method of the invention. 
Prefefably the transgenic insect is a Drosopkila melanogasler Techniques for constructing 
transgeruc flies are also wdl known. For example, the first DNA construct comprising a 
promoter wWdi will control reverse orientation transcription of a gene, can be injected into 
9LDros<^hila melanogaster wnbryo, resulting in a mosaic embryo which contains the first 
DNA construct in some of its cdls. This method is described in U.S. Patent 4,670,388. 
Additionally after the embryo matures into a mosaic adult, it can be mated with a strain of 
DrosopMla mbmogasUr which has been genetically cnpnewd uririg standard techniques 
to express a transcriptional transactivator, ft)r example, Gal4, LexA, or a Tet repressor- 
derived aether, urder the contnd of a second, reguhitable promoter. As disdosed above, 
activation of the second, regulatable promoter can result in the transcriptional 
transactrvator'se9q>resaon in either tenqx>rally or spatially restri Theoffspring 
of ttie two strains olDrosoptula will oqness the targeted gate in tissues or cdl s or at stages 
when the transcriptional transactivator is not expressed. In the presence of the 
transcriptional transactivator, the expression of the targeted gene m these transgenic 
Drosophila will be diminished, as described above. 

The eukaryotic cell can have one or two wild-type endogenous copies of the target 
gene or can lack wild-type endogwious copies of the target gene. Those of skill in the art 
will recogiuze that mlogmous copies of tiie target gene can be mutated or deleted using 
standard genetic manipulations, induding targeted mutageneds, successive matings of 
heterozygous strains, and otiiertecfaruques known in the art. In such cells lacking any wild- 
type copies of the gene, only the collision medianism is required to dimiiush expression of 
the target gene. 

Iftheoetthasanffidogenouscopyofthe target genp,tiic first DNA construct can 
coinpriseanklentifyingrnarkerfi3rdi8tinguishir^expresaoriof the target gene in the first 
DNA construct firomexpresaonofthe endogenous copy ofthe target gene. Forexample, 
a sequence encoding an epitope which can be spedfically bound by an antibody, such as a 
hemi^utinin tag, can be included in the first DNA construct so that expresdon of the 
target gene sequence in the construct can be detected immunocytochemically, as is known 
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in the art 

Hie foUowing are provided for exemplification purposes only and are not intended 
to limit the scope of the Invention which has been described in broad terms above. 


KXAMFLE 1 

This example iUustrates the construction of brahma transgencs containmg 
promotes v*ich can be regulated by C!al4. 

Promoters which can be regulated by Gal4 can be inserted into a P-element vector 
carrying the i^Wte gene and a coding sequence for the fcrcrfm.^ The Ar«fcwa gene 
sequence used for these constructs encodes a hemagglutinin (HA>epitope tagged brahma 
protein under the control ofthe native dmfcwfl promoter. Three constructs can be made. 
(1) a construct in which the reguhited promoter is placed in opposh« orieo^^ 
endogenous bwhma promoter witWn an intron which is less than I Idlobase fiom the 
endogenousirofenapromoter. (2). construct in which the reguhUed promoter is placed 
in the same orientation as the endogenous brahma promoter «id located 5' to the 
endogenous promoter, and (c) a construct in which the regulated promoter is placed in 
opposite orientation to the endogenous brahma promoter and 3' to the brahma 

polyaden^tion ute. 

Brahma go* expression in insect ceUs can be detected using antibodies to brahma 

protein. Expression of the ftnift»«itransgene can be detected using an^ 
Depending on the specificity of the promoter which is used to regulate the expression of 
GaM inthese cells, the c&cts of ahered pattenu, of inito^ 
types and at various times during the life of the fly can be studied. 

This example demonstrates the generation of transgenic strains otDrosaphOa 
melanogaster. 

A DNA constmct, for example, one of the imtoa constructs described in 
1. above, can be iiqected into DrasaphUa mekmogaster embryos, as is known in the art. 
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resulting in mosaic embiyos. These mosaic embryos mature after two to three weeks into 
roosaicaduhs. individuai adults are then back crossed to a wWte str^ Theresulting 
heterozygous tnujsftwmants can be mapped to the X, second, or third chromosomes within 

one to two generations. 

Expression of the tagged brahma protein can be measured throughout the developing 
embryo. Transformants can be crossed to various Gal4 driver lines of flies, as are known 
in the art, such as lines which cjtpress Gal4 in stripes in the developing embryo, under 
regutetory control of the engraUed or even^ped promoter. These flies express GaM 
along the anterior-posterior axis of the developing embryo in fourteen and seven stripes, 
respectively. 

Expression of GaM can be monitored using antibodies against Gal4. The resulting 
effect of expression of the brcOma transgene can be measured with a monoclonal antibody 
against the HA protein, as previously described. Endogenous brahma expression can be 
measured using antftodies which spedficaUy bind to the brahma protein. Double-label 
immunofluoresence can reveal if activation of Gal4 interferes with brahma expression. A 
convenient mtemal control for this experiment is that expression of brahma should not be 
altered in the regions between the stripes of GaM-expressing ceUs. 


^VNnPSIS OF THB INVENTION 

1. A eukaryotic ceU for observing altered expression of a gene, comprising: 
a first DNA construct conqjriang an ectopic promoter, wherdn the 
ectopic promoter controls transcription of a gene in the eukaryotic ceU; and 

a second DNA construct comprising a regulatable promoter and a coding 
sequence for a foreign transcriptional transactivator. wherein the regulatable promoter 
controls the expression of the transcriptional transactivator and wherein the 
Uanscriptional transactivator activates tiie ectopic promoter, whereby expression of the 
g«ne is alto-ed. 
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2. The eukaiyotic cell of item 1 wherein the ectopic promoter is integrated 
3' to a termination codon of a gene and wherein the ectopic promoter controls reverse 
orientation transcription of the gene. 

3. The eukaiyotic cell of item 1 wherein the ectopic promoter is integrated 
5 5' to an initiation codon of a gene and wherein the ectopic promoter controls 

transcription of the gene. 

4. The eukaryotic cell of item 1 wherein the foreign transcriptional 
transactivator is selected from the group consistmg of Gal4. LexA, and a Tet-repressor- 
derived transactivator. 

10 5. A method of altering the expression of a gene in an eukaryotic ceU, 

oomfmang the st^ of: 

introducing into the eukaryotic cell a DNA construct comprising an 
ectopic promoter, wherein the ectopic promoter controls transcription of a gene in the 
eukaiyotic odl; and 

15 introducing into the eukaryotic ceU a DNA construct comprising a 

regulatable promoter sequence and a coding sequence for a foreign transcriptional 
transactivator, wherein the regulatable promoter controls transcription of the 
transcriptional transactivator and the transcriptional transactivator activates the ectopic 
promoter, whereby expression of the gene is altered. 

20 6. Ttic method of item 5 wherein the ectopic promoter is integrated 3* to a 

termination codon of a gene and wherein the ectopic promoter controls reverse 
orientation transcription of the gene. 

7. The method of item 5 wherein the ectopic promoter is integrated 5' to an 
initiation codon of a gene and wherein the ectopic promoter controls transcription of the 

25 gene. 

8. The method of item 5 wherein the foreign transcriptional transactivator is 
selected from the group consisting of Gal4, LexA, and a Tet-repressor-derived 
transactivator. 

9. A transgenic eukaiyotic organism wherein cells of the transgenic 
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wkaiyotic organism comprise: 

a first DNA construct compriang an ectopic promoter, wherein the 
ectopic promoter controls transcription of a gene in the ceUs of the transgenic 

eukaryotic organism; and 

a second DNA construct comprising a regulatablc promoter and a coding 
sequence for a foreign transcriptional transactivator, wherein the regulatablc promoter 
controls the expression of the transcriptional transactivator and wherein the 
transcriptional transactivator activates the ectopic promoter, whereby expression of the 

target gene is altered. 

10. The transgenic eukaryotic organism of item 9 wherein the ectopic 
promoter is integrated 3* to a termination codon of a gene and wherein the ectopic 
promoter controls reverse ori^tation transcription of the gene. 

1 1 . The transgenic eukaryotic organism of item 9 wherrin the ectc^ic 
promoter is integrated 5 • to an initiation codon of a gene and wherein the ectopic 
promoter controls transcripticm of the gene. 

12. The transgenic eukaryotic organism of item 9 vdierein the foreign 
transcriptional transactivator is selected from the group consisting of Gal4, LcxA, and a 
Tet-repressor-derived transactivator. 

13 . An insect cell for obsenong dimirashcd expression of a target gene, 

compri^ng: 

a first DNA construct comprising a first promoter, wherein the first 
promoter controls reverse orientation transcription of the target gene in the insect ceU; 
and 

a second DNA construct comprising a second promoter and a coding 
sequence for a transcriptional transactivator, wherein the second promoter controls the 
expression of the transcriptional transactivator and wherwi the transcriptional 
transactivator activates the first promoter, wherAy c3q)resaon of the target gene is 
diminished. 

14. The insect cell of item 13 wherein the first DNA constnict fiirther 
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comprises a coding sequence of the target gene and a thi«l promoter, wherein the first 
promoter is located 3' to the coding sequence and wherein the third promoter is located 
5' to the coding sequence, and wherein the orientation of the first promoter is opposite to 
the orientation of the third promoter and the coding sequence. 
5 15. The insect cell ofitem 13 wherein the insect is a fly. 

16. The insect cell ofitem 15 wherein the fly is t^Drosophila melanogaster. 

17. The insect cell ofitem 13 wherein the insect ceU does not contain a native 

wild-type copy of the tyget gene. 

18. The insect cdl of item 13 wherein the first DNA construct is integrated 

10 into the genome ofthe insert cell. 

19. The insert ceU ofitem 14 wherein the first DNA constnirt fiirther 
comprises an identifying marker for distinguishing expression of the targrt gene in the 
first DNA construrt ftom expression of an endogenous copy ofthe targrt gene. 

20. The insert cett ofitem 13 wherein the transoiptional transactivator is 
sderted from the group consdsting of Gal4, LcxA. and a Trt-repressor-derived 
transactivator. 

21. The insert cell ofitem 13 wherein the second promoter is a regulatable 
promoter. 

22. A mrthod of diminishing the expression of a targrt grtie in an insect 

20 cell, comprising the steps of: 

introducing into the insect cell a first DNA construrt comprising a first 
promoter, wherein the first promoter controls reverse orientation transcription of the 

targrt geiie in the insert cell; and 

introdudng into the insert cell a sertmd DNA construrt comprising a 
second promoter sequence and a rtKling seq««u» for a transcriptional transactivator. 
wherein the second promoter amtrols transcription of the transcriptional tnmsartivator 
and the transcriptional tiansartivator artivates the first promoter, whereby expression 

of tt»e targrt gene is diminished. 

23. The mrthod ofitem 22 wherein the first DNA construrt fiirther comprises 
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a coding sequence of the target gene and a third promoter, wherdn the first promoter is 
located 3* to the coding sequence and \rfierdn the third promoter is located 5' to the 
coding sequence, and wherein the orientation of the first promoter is opposite to the 
orientation of the third promoter and the coding sequence. 

24 . The medKMl of item 22 wheron the insect cdl is a fly cell. 

25. The method of item 24 wherdn the fly odl is a Drosophila melanogaster 

cell. 

26. The method of item 22 wherein the insect cell does not contain a native 
v^d-type copy of the target gene. 

27. The method of item 22 whordn the first DNA construct is integrated into 

the g^ome of the insect cdl. 

28. The method of item 23 wherrin the first DNA construct fiirther comprises 
an identifying marker for distinguishing expression of the target gene in the first DNA 
construct firom expression of an endogenous copy of the target gene. 

29. The method of itCTi 22 wherein the transmptional transactivator is 
selected fi-om the group consisting of Gal4, LcxA, and a Tct-repressor-dOTved 
transactivator. 

30. The method of item 22 wherein the second promoter is a regulatable 
promoter. 

31. A transgenic insect wherdn cells of the transgenic insect comprise: 

a first DNA construct ooin|»rising a first promoter, wherein the first 
promoter controls reverse orientation transcription of a target gene in the insect cell; 
and 

a second DNA construct comprising a second promoter and a coding 
sequence fiar a transcriptional transacdvator, wherein the second promoter controls the 
expression of the transcriptional transactivator and wherdn the transcriptional 
transactivator activates the first promoter, whereby expresaon of the target gene is 
diminished. 

32. The transgenic insect of item 3 1, whwdn the first DNA construct further 
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compri^s a coding sequence for the target gene »d a third promoter, wherein the first 
pron^ter is located 3' to the coding sequence and whereb the third promoter is located 
5' to the coding sequence, and wherein the orienUtion of the first promoter is opposite to 
the orientation of the third promoter and the coding sequence. 

33. Thetransgenicinsectofitem31 wherein the transgenic insect is a fly. 

34. The transgenic insect of item 33 wherein the fly is a DrosopMla 
meUmoffiSter. 

35. The transgenic insect of item 31 wherein the insect ceU does not contain a 

native wfld-type copy of the target gene. 

36. The transgenic insect of item 32 wherein the first DNA construct fiirther 
comprises an identifying marker for distinguishing expression of the target gene in the 
first DNA construct from expression of an endogenous copy of the target gene. 

37. The transgenic insect of item 3 1 wherein the transcriptional transacUvator 
is sdected from the group consisting of Gal4.LexA,andaTet.repressor-derived 
transactivator. 

38. Hie transgenic insect of item 3 1 wherein the second promoter is a 

regulatable promoter. 

39. An insect ceU for observing diminished expression of a target gene, 
comprising a DNA construct comprising a promoter, wherein the promoter controls 
reverse orientation transcription of the target gene in the insect ccU. 

40. The insect cell ofitem 39 wherein the insect is a fly. 

41. The insect cell of item 40 wherein the fly is ^DrosopMa melanogaster. 

42. The insect ccU ofitem 39 wherein the DNA construct is integrated into 

the genome of the insect cdl. 
J 43. Theinsectcellofitem39whereinthepromoterisaregulatablepromoter. 

44. A method of diminishing the expression of a target gene in an insect 
ceU. comprising the step of introducing into the insect ceU a DNA construct 
comprising a promoter, wherein the promoter controls reverse orientation 
transcription of the target gene in the insect ceU. whereby expression of the target 
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gene is diminished. 

45. The method of item 44 wherein the insect is a fly. 

46. -me method of item 45 wherein the fly is a DwsopMla melanogaster. 

47. The method of item 44 wherein the DNA construct is integrated into the 

genome of the insect cdl. 

48. The method of item 44 wherein the promoter is a regulatable promoter. 

49. A transgenic insect wherein ceUsofthe transgenic insect comprise a 
DNA construct comprising a promoter, wherein the promoter controls reverse 
orientation transcrqttion of a target gene. 

50. Tlie transgenic insect of item 49 wherein the insect is a fly. 

51. The transgenic insect of item 50 wherein the fly is a Drosophila 
melanogaster. 

52. The transgenic insect of item 49 wherein the DNA construct is 

integrated into the genome of ceUs of the transgenic insect. 

53. The transgenic insect of item 49 wherein the promoter is a regulatable 

promoter. 

54. A DNA construct for altering expression of a target gene in a eukaryotic 
cell, comprising: 

a first promoter, a coding sequence of the target gene, and a second 
promoter, ^rf^rein the first promoter controk reverse orientation transcription 
target gene in the cell, wherein the first promoter is located 3' to the coding sequence, 
and wherein the second promoter is located 5' to the coding sequence, and wherein the 
orientation of tiie first promoter is opposite to the orientation of ti.e tiiird promoter and 
the coding sequence; wherein the first promoter is regulated. 

55. The DNA construct of Hem 54 wherein tiie first promoter is regulated in 

a tissue-spedfic manner. 

56. The DNA construct of item 54 wherein the first promoter is regulated in a 

developmental stage-specific manner. 

57. The DNA construct of item 54 wherein tf»e first promoter is regulated by a 
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transcriptional transactivator which is not endogenous to the eukaryotic ceU. 

58. A eukaiyotic ccB comprising the DNA construct of item 54. 

59. The eukaryotic ceU of item 58 farther comprising a second DNA constiurt 
comprising a third promoter and a coding sequence for a transcriptional transactivator. 
wherein the third promoter controls the expression of the transcriptional transactivator 
and wherein the transcriptional transactivator activates the first promoter, whereby 
expression of the target gene is altered. 

60. The eukartoic cell of item 58 wherein the first promoter is a stronger 

promoter than the second promoter. 

61. ADNA construct for altering expression of a target gene in a eukaryotic 

cdl, comprising: 

a first promoter, a coding sequence of the target gene, and a second 
promoter, wherein the first promoter controU reverse orientation transcription of the 
target gene in the cell, wherein the first promoter is located 3' to the coding sequence. 
«nd wherein the second promoter is located S' to tiie coding sequence, and wherein tiie 
orientation of tiie first promoter is opposite to the orientation of the third promoter and 
the coding sequence; wherein tiie second promoter is regulated. 

62. The DNA construct of item 61 wherein the first promoter is regulated in a 

tissue-specific manner. 

63. The DNA constnict of item 61 wherein tiie first promoter is reguUted in a 

devdopmental stage-spedfic manner 

64. The DNA construct of item 61 wherein tiie first promoter is regulated by a 

transcriptional transactivator which is not endogenous to the eukaryotic cell. 

65. A eukaryotic ceU comprising ti»e DNA construct of item 61. 

66. The eukaryotic cell of item 65 farther comprising a second DNA constnict 
comprising a third promoter and a coding sequence for a transcriptional transactivator. 
wherein tiie tiurd promoter controls tiie expression of the transcriptional transactivator 
and wherein tiie transcriptional transactivator activates the second promoter, whereby 
expression of tiie target gene is altered. 
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67. The ttikaryotic cell of item 65 wherein the second promoter is a stronger 
promoter than the first promoter. 


21 


wo 98/12337 


PCT/US97/16893 


1. An eukaiyotic cdl for observing altered expression of a gene, 
comprinng: 

a first DNA construct comprising an ectopic promoter, wherein the 
ectopic promoter controls transcription of a gene in the eukaiyotic cell; and 

a second DNA construct comprising a regulatable promoter and a coding 
sequence for a foreign transcriptional transactivator. wherein the regulatable promoter 
controls the expression of the transcriptional transactivator and wherein the 
transcriptional transactwator activates tiie ectopic promoter, whereby expression of ti»e 
gene is altered. 

2. A method of altering tfie expression of a gene in an cukaryotic cdl, 

comprising the st^ of: 

integrating into the DNA of tfie eukaiyotic ceU a first DNA construct 
comprising an ectopic promoter, wherein the ectopic promoter controls transcription 
of a gene in the eukaiyotic cdl; and 

introducing into tfie eukaiyotic cdl a second DNA construct comprising 
a regulatable promoter sequence and a coding sequence for a foreign transcriptional 
transactivator, wherein tiie regulatable promoter controls transcription of ttie 
transcriptional transactivator and tius transcriptional transactivator activates tiie ectopic 
promoter, whereby eaqnession of tiie gene is altered. 

3. A transgenic eukaiyotic organism wherein cdls of tiie transgenic 

eukaiyotic orgaiusm comprise: 

a fiist DNA construct comprising an ectopic promoter, wherein tiie 
ectopic promoter controls transcription of a gene in tiie cdls of tiie transgenic 

eukaiyotic organism; and 

a second DNA construct comprising a regulatable promoter and a coding 
sequence for a foreign transcriptional transactivator, wherdn tiie regulatable promoter 
controls tiieexpression of tiie transcriptional transactivator and wherein tiie 
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tnmscriptional transactivator activates the ectopic promoter, whereby expression of the 
gene is altered. 

4. An insect cell for observing diminished expression of a target gene, 
comprising: 

a first DNA construct comprimg a first promoter, wherein the first 
promoter controls reverse orientation transcription of the target gene in the insect cell; 
and 

a second DNA construct comprising a second promoter and a coding 
sequence for a transcriptional transactivator, vriierein the second promoter controls the 
expres^on of the transcriptional transactivator and wherdn the transcriptional 
transactivator activates the first promoter, wherd>y expression of the target gene is 
diminished. 

5. A method of diminishing the expression of a target gene in an insect 

cell, con^sing the steps of: 

intn)ducing into the insect cdl a first DNA construct comprising a first 

promotCT, wherdn the first promoter controls reverse orientation transcription of the 
target gene in the insect cell; and 

introducing into the insect cdl a second DNA construct comprising a 
second promoter sequence and a coding sequence for a tiansoiptional transactivator^ 
ii^eidn the second promoter cmtrols transcription of the transcriptional transactivator 
and the transcriptional transactivator activates the first pronx>t^» whereby expression 
of the target gene is dinunished. 

6* A transgemc insect vdieretn cells of the transgenic insect comprise: 

a first DNA construct comprising a first promoter, whodn the first 
promote controls reverse orientation transcriptim of a target gene in the insect cdl; 
and 

a second DNA construct compriang a second promoter and a coding 
sequence for a transoqrtional transactWator, wherein the second promoter controls the 
expression of the transcriptional transactivator and wherdn the transcriptional 
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transactivator activates the first promoter, whereby expression of the target gene is 
dinunished. 

7. An insect ceB for observing diminished expresaonofa target gene, 
comprising a DNA constmct comprising a promoter, wherein the promoter controls 
reverse orientation transcription of the target gene in the insect cell. 

8. A method of diminishing the expression of a target gene in an insect 
ceU, comprising the step of introducing into the insect ceU a DNA construct 
comprising a promoter, wherein the promoter controls reverse orientation 
transcription of the target gene in the insect cell, whereby expression of the target 

gene is diminished. 

9. A transgenic insect wherein cells of the transgenic insect comprise a 
DNA construct comprising a promoter, wherrin the promoter controls reverse 
orieatation ttansciqrtion of a target gene. 

10. DNA construct for altering expression of a target gene m a eukaryotic 

cell, comprising: 

a first promoter, a coding sequence of the target gene, and a second 
promoter, wherein the first promoter controls reverse orientation transcription of the 
target gene in the cell, wherein the first promoter is located 3* to the coding sequence, 
and wherein the second promoter is located 5' to the coding sequence, and wherein the 
orientation of the first promoter is opposite to the orientation of the third promoter and 
the coding sequence; wherein the first promoter is regulated. 

11. ADNA construct for altering expression of a target gene in a eukaryotic 


cdl, comptisiag: 

a first promoter, a coding sequence of the target gene, and a second 
promoter, wherein the first promoter controls reverse orientation transcription of the 
taiBetgeneinthecell, wherein tiie first promoter is located 3' to the coding sequence, 
and wherein ti»e second promoter is located 5' to tiie coding sequence, and wherein tiic 
orientation of the first promoter is opposite to tiie orientation of tiie tiiird promoter and 
tiie coding sequence; wherdn tiie second promoter is regulated. 
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